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Mr. Tommy F. McCraw
Department of Energy
Safety, Standards & Compliance
Washington, DC 20545

Dear Tommy,

Enclosed is an update of the initial report I sent to you on the
potential dose at Enewetak due to transuranic radionuclides. The
primary changes involve an update of the terrestrial foodchain
assessment and also a correction in the summary tables where I had
sunnnedone pathway in terms of “rem” instead of “rad” doses. Please

destroy the initial report and use this version for pathway comparisons
and predicted total dose levels.
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If there are any questions please give me a call.
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Assessrhentof Potential Doses to Populations from the

Transuranic Radionuclides at Enewetak Atoll

.14.L.oRobison, V. E. Noshkin andW. A. Phillips

/
The following assessment was requested by the Division of Biological

I
I

and Environmental Research and the Division of Operational and Environmental

Safety within the Assistant Secretary for Environment & Safety in the

(Department of Energy.

r

The assessment is a more thorough evaluation of the potential dose

to a population from the transuranic radionuclides in the terrestrial

\

and aquatic

The in’

contributed

for the var.

effort made

transuranic

ecosystems at Enewetak Atoll in the Marshall Islands.

tial assessment was made in 1973 (l). The transuranics

a very small percentage (< 1%) of the total dose predicted

ous living patterns at the Atoll. As a result there was no

to look in detail at the potential contribution from the

via the various exposure pathways.
-.

/
This-report $upplies a more detailed look at the estimated doses

[

that might be expected at Enewetak from 23g’240Pu, 241Am and 238Pu.
.

Although neptunium has been observed in the marine environment (2) it -

“i is not considered in the dose assessment nor are other transamericium
.-

radionuclides. However, doses from these other radionuclides are expected
.

to be a small fraction of that due to Pu andAm.

Marine Pathway

The following assessment of the potential dose to a population

living at Enewetak via the marine foodchain is based upon new data

obtained by Victor Noshkin (3). The stimulus for obtaining new samples

and doing a careful analysis for the transuranics was the d~screpancy

in much of the Pu analytical data reported by three different laboratories

during the 1973 survey and reported in the Enewetak Radiological Survey

Report Volume 1 (1)0
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~e major portion (298%) of the precficteddoses at Enewetak Atoll “

for the various living patterns is due to ‘OSr and 137CS. There was no

statistically significant difference in the concentration of these isotopes

for fish muscle from different parts of the lagoon. Therefore, the doses

for the marine pathway in reference 1 were based upon an average for the

enttre lagoon.

However, the concentration of 23g’240Pu and 241Am is very dependent

location. The distribution, retention and release of these two isotopes

upon

is

entirely different from
137

Cs and ‘“Sr and the concentration of Am and PU

fn fish can vary greatly depending upon the concentrations in the sedimnt

and water in the localized areas where the reef fish feed.

Therefore, we have averaged the Pu concentrations in fish for the

fslands in the northern half of the atoll for which we have new data

(Janet, Belle, Sally, Yvonne) and for the southern half of the atoll.

(Fred, David, Leroy). Averaging over the northern and southern halves

of the atoll is reasonable in that the Marshallese living on Janet would

$fsh the islands on either side and the people living on Fred would

similarly fish the islands on either side. In fact, the people should

be encouraged to do so because the reef fish do not migrate over long

distances and tend to remain in a very localized envi

result, heavy fishing around one island can drastical

population.

The marine pathway in general, and Pu andAmin

such a small fraction of the total predicted dose at

.
ronment. As a “.

ly reduce the fish

particular, contributed

Enewetak, that no

effort was made in NVO-140 to separate data on fish muscle from data on
.

eviscerated whole fish. However, as the focus ’isnow on the transuranlcs
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and the potential.dose therefrom, these data should be separated because

the concentration of Pu in the

The people eat the fish muscle

a more accurate picture of the

foodchain is obtained by using

assessnmt.

bone of fish is higher than in fish muscle.

and sometimes skin but not the bones. Thus

expected doses from Pu andAm via the marine

fish muscle and skin data only for this

The results of the new data are shown in Table 1 and compared with

the values used in the dose assessment of reference 1.. .
#

Table 1. Pu Concentration in Fish at Enewetak Atoll
.

23g$240Pu Concentration pCi/gwt weiqht ,

NVO-140, 1973
Noshkin 1977+ Noshkin 1977+ Includes all Fish ~

Muscle Northern Is. 7.3 x 10-4

. . Muscle Southern 1s. 1.2 x 10-4

Muscle + Skin Northern Is. 2.9.x IO-3

Muscle + Skin Southern Is. .,4.8X 10-4

All Fish . 7.1 x 1O-2*
,. \

*1/alueused in NVO-140 Dose Assessment
mullet data only

The concentration in fish muscle for the northern islands is approximately

a-factor of 100 less than the concentration used in the NVO-140 report. For

the southern islands the concentration is less by a factor of nearly 600.

Uhen skin is included the concentration in muscle plus skin is less by a
.

factor of25 than the value used in NVO-140 for the northern islands and

less by a factor of 150 than that used for the southern islands. The resulting .. .

.

.!
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30, 50 and 70year integral doses and the maximum dose rate are listed in

Table 2. The predicted doses are based upon a daily intake of fish muscle

plus skin of600 g. The gut transfer coefficient used for this dose assessment

forzsgszqopu is 3)( &

Table 2. Integral Doses and Dose Rates for
239,240Pu Via the Marine

Pathway*

Integral Bone Doses, mrem Dose Rate mrem/yr

Area 30 year 50 year 70 year at 70 year

INorthern Islands 3.1 8.0 “ 15

I

0.40

.
Southern Islands 0.52 1.4 2.5 0.068

I 1

*Based upon a 600 g per day intake of fish muscle plus skin

On the average the concentrations observed in fish reflect the

average concentrations of the environment and for
238Pu are approximately

13% of the 23g’240Pu concentrations. The transfer coefficients are assumed

to be the same for
238Pu* as for 239,240Pu and the dose will scale directly

.
with concentration. The values in Table 2 therefore will be increased by

-,
about 13% due to 238PU: .

241Am concentrations in the sediment and water are about 40% of the#
239,240Pu concentrations. An additional 10% might result from grow-in

from 241Pu. Therefore the 24’Am concentration (in the marine environnmt)

Is-considered to be about 50% of the 23g’240Pu concentration.

The analysis for 241Am in the fish samples collected in 1976 is

presently underway. Lacking direct fish muscle concentration data for

●EPA uses for the oxides a gut transfer coefficient of 10-3 for 238Pu

and 10-4 for 239’240Pu. If adopted this”would make the estimated dose

from 238Pu slightly greater than the predicted dose from 23g’240Pu

and would also increase the doses predicted in this report for 23g’240Pu.
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241Amlt is assumed that 241Am is transferred across the gut wall in both

ffsh and humans 10 times mo= readily than 23g’240Pu. As a result of

the 241Am concentration in the marine environment being 0.5 that of

239,240Pu and as a result of the transfer to man being 100 times greater

(10 x for fish gut transfer and 10 x for human gut transfer) for 241Am

than for 239,240Pu the predicted doses from
241Amare 50 times that resulting

~rom239,240pu . It should be emphasized that it is not at all clear that

241Jtmis”transferred to fish muscle 10 times more readily than 239’240Pu.

Thus the doses in Table 2 if multiplied by a factor of50 would

essentially represent the predicted rem doses for all of the transuranics

(i.e., *38PU, 23g’240Pu, 241Am) via the marine pathway at Enewetak Atoll.

However, the EPA guidance is set in terms of “rad” doses. Therefore, to

convert to “rad” doses the “rem” bone doses in Table 2 should be divided

bya factor of50. The net result is, therefore, that the “rem” doses

listed in Table 2 for 2399*40Pu are essentially numerically equivalent

to the “rad” doses for 238PU, 23g’240Pu and 241Am.

~ “c
It is emphasized that the marine dose assessment is based upon the

. .
assumed consumption of fish muscle and the best available concentration

I data for the radionuclides in that tissue. However, the concentration of

I
239,240Pu in fish bone is higher than in muscle and very high concentrations

of Pu have been observed in the viscera and gills of fish. If for any “

L reason the bone and viscera were consumed along with the muscle the predicted

doses from the transuranics would be expected to be much higher.

.

..,.
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Inhalation Pathway

The doses for the inhalation pathway are calculated for two cases:

1. Soil concentrations of40 pCi/gand2. Soil concentrations of400

pci/g.

The calculations are made assuming a mass ”loadingof100~9/m30f.

surface soil in air (all of which is assu~d to be respirable), an AMAD of 0.5 pm
. .

and a breathing rate of 20 m3/day.’-The resulting intake of
239,240Pu in pCi/day

is therefore 100 x

and for 400 pCi/g -

The resulting

O-6A 20 md ~. pCi/g

n? day
= 0.08 pCi/day

0.8 pCi/day.

ntegral doses and dase rates are given in Table 3.

.

Table 3. Integral Lung Doses and Dose Rates for 23g’240Pu Via the

Inhalation Pathway
.

sol1 Inteqral Doses, mrem Maximum Annual Dose
Concentration 30year 50year 70year Rates mrem/yr

40 pci/g 680 1200 1600 24

400pCi/g 680- 12,000 16,000 240

The “rad” doses will be less by a factor 10 than the “rem” doses in

Table 3. Therefore for the 40 pCi/g concentration in soil the 70year

integral lung dose is 0.16 rad and the maximum dose rate is 2.4 mrad/yr.

.,
.

.

.

-.
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The corresponding bone doses are listed in Table 4.

.

Table 4. Integral Bone Doses and Dose Rates for 239’240Pu

Inhalation Pathway

Via the

.

.

sol1 Integral Doses, mrem Annual Dose Rates at
Concentration 30 year 50 year 70 year 70 Years mrem/yr

40”pCi/g 220 660. 1300 37

4oopci/g 2200 6600 13,000 366

.

The corresponding “rad” bone doses would be less by a factor

of50 than the doses listed in Table 4.

The bone and lung doses resulting via the inhalation pathway from

any other soil concentration of 239,240Pu can be scaled directly by
. . .

ratio.ingto either of the above soil concentrations and the respective

doses.

The doses resulting from 241Am and 238Pu via the inhalation pathway

would be approximately 50% of the 23g’240Pu doses listed in Tables 3 and 4. “

The predicted “rad” doses from 23g’240Pu, 241Am and 23*Pu via the inhalation

,’

.. .
. . .

.
.

“.
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pathway are listed in Table 5.
.. ... \ . .

Table 5. Predicted Integral Bone and Lung Doses and Dose Rates for

239,240PU and 241Am Via the Inhalation Pathway*

Dose Maximum
Rate At Annual

Sdl Integral Bone Doses, mrad 70 year Inteqral Lung Doses, mrad JDose Rate
Concentration 30year 50year 70 year m rad/yr 30year 50 year 70 year m radlyr

40 pci/g 6.6 20 33 “ .1.1 102 180 240 3.6

10 pci/g 1.7 5.0 9.8 0.29 26 45 60 0.9
(Janet)

0.07 pci/g 0.0099 0.030 0.059 0.0017 0.15 0.27 0.36 0.0054

+

*Includes the 50% increase in the doses in Tables 3 and 4 to account for
24~Amand the reduction of 10 and 50 for lung and bone respectively tO

go from ‘Lrem”to “rad.”

.
.’

The major residence island in the northern half of the atoll,
.

Engebi (Janet), has an average soil concentration of 239,240PU of

approximately 10 pCi/g. Using this value rather than the 40 pCi/g
A**

.

i.e.,

guide-

line and assuming that the ‘41Am concentrations also scale directly leads

to a predicted maximum annual dose rate to lung ofO.9 mrad/year and “

to a“70 year integral dose of approximately60 mrad. .

. The southern island living patterns has an average 23g’240f%.Isoil

“concentration of approximately 0.06 pCi/g. This leads to a predicted

maximum annual dose rate to lung of O.0054 mrad/yr and a 70 year integral

dose ofO.36 mrad. .

..
,,

.,
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Terrestrial Foodchain

Because of the relatively small contribution of

doses predicted over 70.year time periods, no effort

.

..

23g’240Pu to the total

was made in 1972-73

report (1) to thoroughly evaluate the dose from the plutonium.

no attempt was made to include other

would still not significantly affect

dominated by 137CS and ‘OSr.

transuranic radionuclides

the total predicted doses

In addition,

because they

which are

A more thorough evaluation of the predicted doses from 239,240PU was

made in a subsequent report (7). There was no attempt to incorporate the

expected dose from other transuranics, however. In the present report we

have taken the predicted doses for the terrestrial foodchain for 23g’240Pu

from reference 6 and have added an estimate of impact upon the transuranic

dose from 241Am and 238Pu. ‘

Therefore, the 241Am contribution is now included assuming that the

present 241Am concentrations are about 40% of the 23g’240Pu concentrations

and assuming another 10% grow-in from 24’PU. Thus the total 241Amconcentra-

tions are about half of the 23g’240Pu concentrations. Again, assuming that

the gut transfer of 241Am is 10 times greater than for 239,240
Pu, the dose

from 241Am could be 5 times that from 23g’240Pu. The contribution from

23BPuwould be negligible when compared to the sum of the dose resulting

fmm239,240pu and 241h
.

.. .,-. -

.
-.

. .
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The results

Table 7.

.

in “mrem”

..<

Table 6. Integral Bone Doses

are listed in Table 6

~rom239,240pu and

and “mrad”

.

241Am Via the Terrestrial

Integral Bone Dose, mRem.—

Location Nuclide 5 year 30 year 70 year

Southern Islands 23g’240Pu 0.078 2.9 16

241M. 0.39 15 80

Janet 23g’240Pu 0.052 12 82

241h 0.26 60 410.

Tabl”e7. Integral Bone Doses

. .
Foodchain .

~rom 239,240PU and 241Am Via the Terrestrial

Integral Bone Dose, u

Location Nuclide 5 year 30 year 70 year

Southern Islands 23g’240Pu 1.6(-3) 0.058 0.32

241* 7.8(-3) 0.29 1.6

Janet

241h 1.2

239’240Pu 1.0(-3) 0.24

5.2(-3)

1.6

8.2

,, .

\
. .?’
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meat

The predicted concentrations of 23g’240Pu in

were developed from a very limited data base

subsistence crops and

using correlation methods

and the concentration factor approach (7). More direct data on 239’240Pu

and 241Am concentrations will be available in the future from our follow-up

research program at Enewetak and Bikini Atoll’s and will permit us to make

a mre refined assessment of the predicted dose via the terrestrial foopchain.

It is also emphasized that the 5 year integral dose is based upon the

1974 diet at time of return listed in Table 8. The 30 yearand 70year

Integral doses are based upon the diet’in 1982 after many of the subsistence

crops are again available. Any dietary program which supplies foods other

than those locally grown will greatly reduce the dose estimates from this

pathway. For example, at Bikini at the present time imported foods account

.

Table 8. -Postulated Diet for the Returning Adult Enewetak Population

,

Diet, q/day

Food Item At time of return 10yr post-return.

Fish 600 600

Domestic meat 60 100

Pandanus fruit ~ o 200

Breadfruit ‘ ‘ “o 150 -

Mild birds 100 20

Bird eggs --20 10
Arrowroot o 40

Coconut 100 100

Coconut milk ., 100 300

Coconut crabs 2s 25

Clams 25 25

Imports 200-1000 .200-1000

1030 plus imports 1570 plus imports
,.
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for a mjority of the diet. There is little dependence upon locally grown

subsistence crops. In view of the significance of the terrestrial foodchain

In the predicted doses tfa full subsistence diet is used as in Table 6,

a careful evaluation of the potential is critical to an accurate dose

estimate for a returning population.
.-

. .

Groundwater

The average Pu concentrations in.groundwater for Engebi and other

northern islands are reported in reference 4. These concentrations could

be compared with concentrations and doses reported in reference 5 and 6

for Bikini and Eneu Islands in order to assess the drinking water pathway

assuming the consumption of groundwater. This pathway, particularly if

rain water provides a part of or the major fraction of the drinking

water, should contribute a very small fraction of the total predicted

dose.

.

X!!?E!Y ●?.

The sunmary of the integral bone and lung doses and the dose rates

resulting from transuranics at Enewetak Atoll are listed in Table 9 for

the southern island living pattern and the northern living pattern involving

Engebi Island. The predicted dose rates for the southern islands and 7

Engebi Island do not exceed the 1 mrad/yr to lung nor the 3 mrad/yr to bone I

guidance proposed by EPA. For example the northern island living patterns )

lead to the higher doses and for Engebi Island the maximum annual predicted

dose rate for lung is 0.6 mrad/yr and the dose rate to bone at 70years is

0.85 mrad/yr.
.
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In many cases it is more useful to consider “rem” doses rather than

“rad”doses. To help in assessing the dose levels predicted

transuranics Table 10 lists the dose summary in terms of “rem”. -
. . .‘. -. .

..:-’..
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fable 10. Integral Bone and Lung Doses and Dose Rates from .

239’240Pu and 241Am for the Southern Islands and

Engebi Island at Enewetak Atoll, mrem

Maximum Annual .

Dose Rate At Lung Dose Rate

‘IntegralBone Doses, mrem 70yr, mremlyr Integral Lung Doses, mrem mrem/yr

Location Pathway 30 yr 50 yr 70 yr 30 yr 50 yr 70 yr

~
Southe~ Inhalation 0.50 1.5 3.0 0.085 1.5 2.7 3.6 00054

Islands Marine 26 68 ; 126 3.4 -!“
..

Terrestrial 18 -’ 96” 2.6 ,

0.054
Total 45-”. 225 . 6.1 1.5 2.7 “3.6

15 450 600 9,.
Engebi Inhalation 85 250 490 260

(Janet) Marine 154 400 750 20
.

Terrestrial 72 - 490 13 ---

Total . 311 - 1740 48” ~~ 260 450 600 ‘ “:9

.
0“

. . .
.,

\

.
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EVALUATION OF PLUTONIUM AT ENEWETAK ATOLL

DANIEL W. WILSON, YOOK C. NC and WILLIAM L. ROX31SON
Biomedical and Environmental Research Division, Lawrence Livcrrnorc Laboratory,

University of Calirorni~,Livcrmorc, California 94550

(R/Ad 10 Fchuq 1975)

Abstract—An extensiveSUIWYwas carried out in 1972-1973 to assessthecurrent radiological
statusof Encwctak Atoll. Tllc radionuclidcs detected in the AtoIl environment were studied
fir theirpotential contributions to the dose commitment of the rctuming population according
to several pathways of exposure. Plutonium was detected in air and in the terrestrialand
aquatic environment at concentrations that varied from background Ievelsdue to ~vorld-wide
lkllout to levels several orders-of-magnitude above. The dose commitments from plutonium.
via the terrestrialfood chain and inhalation vary according to the postulated living pattcm.
The domgcs via marine foods can bc cxpectcd to be insensitiveto living pattern and to cxcecd
thosevia terrestrialfoods. Plutonium would contribute nearly all of the dosage via inhalation,
but thispathway rankslow in overall importance compared with the food-chain and extcmal-
dosc pathways. Although the potential dose from plutonium via all pathways is low relative
to that from 60Co. ‘OSr and ‘37CS,dutonium will still remain in the AtoI1environment after
the other major isotopes have dcca&? away.

INTRODUCTION

ENEWSTAK,Atoll in the centrat Pacific Ocean
2380 naut. miles southwest of HonoIulu W= the
site of 43 nuclear weapons tests carried out by
the U.S. from 1948 to 1958. Testing resulted in
the deposition of fission products, activation
products, and nuclear fuel materiais in the
terrestrial and aquatic environment of the
Atoll, in particular in the north and northeast
portions.

In late 1972 the AEC earned out a radio-
logical survey of Enewetak aimed at gathering
data needed to develop clean-up and rehabilita-
tion procedures for the resettlement of the
Enewetak peopIe to their homeland. An
intensive measurements and evaluation program
was earned out to define the present distribution
of radionuclides and their significance to the
radiation exposures of an indigenous population.
This paper is drawn from the results of the
survey (NVO, 1973) and highlights the findings
with special emphasis upon results obtained for
plutonium.t

* w work WaSP.efiormcd under the mspica of
the U.S. Atomic Energy Commission.

t Unless otherwise stated, plutonium rcfem to
measured *39Pu and ‘40Pu together. ‘38Pu, 2aoPu
and tUPu arc presentin the Atoll, but constitute less
than 10~ of the total plutonium. 2t~Atn is also

~ ..-,..
,.

599
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Enewetak Atoll consists of 40 islands on an
elliptical coralline reef, approx 23 x 17 naut.
miles, with the long axis running northwest to
southeast (Fig. I). The total land area is but
2.75 rniIes2, and the mean height above sea
level is only 10 ft. The large, central, ocean
Iagoon is 388 milesz in area.

The .Atoll climate is tropical marine with high
humidity and about 60 injyr of precipitation.
The islands are vegetated heavily with native
and introduced species. The Enewetak peop!e
have not inhabited the Atoll since testing, so
cultivation has been absent and the system
appears to be succeeding toward a forest of
native trees. Succession has been arrested in
some areas as a result of continuing rniIitary
operations on the Atoll which involved con-
struction and earth moving. While the
terrestrial ecosystem is relatively simple, the
marine ecosystem is complex and biologically
active, typical of tropical reef and lagoon
communities.

The Encwetak people, returning, can be
expected to practice nonintcnsive a:ricuIture
for coconuts, pzmdanus, breadfruit and arrcnv-
root and to rely heavily upon the abundant

pr~ent and is still incrcming slightly duc to decay of
2~Pu; however, dose contributions cxpcctcd Gom
~’lAm arc lCSSthan those from f’u.

, ?.

(
4
I
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FIG. 1. Enewetak AtoU with true island names and eorremondim U.S. site names. Encircled
islandsare the islandsof choice for residence ~y the l%ewctik people.

marine resources of the Atoll. They will
continue to import rice, flour, sugar and other
staple foods. Resettlement will involve a major
program in replanting desired species for food
and cash crops such as coconuts. ~~hile the
population of over 400 people will choose to
live centrally on one or more of the large
islands, they will utilize most all of the .4to11for
agricultural and food gathering purposes.
Village areas will be chosen, and houses,
community structures, and roads will bc built.
The choices among the various options in living
patterns (agriculture pmcticcs, villages, houses,
dietary habits) are important variables in the
radiological assessment.

HIGHLIGHTS OF THE SURVEY METHODS
The survey was a detailed documentation

of present radioactivity levels in soil, sediments,
water, air and biota. The sampling dcsiq
was developed to meet the needs for assessing
all the potentially significant pathways of dose
to man. In the terrestrial eriwronment,
measurements of radioactivityy were made of the
soil and biota of all is!onds, so that assessments
could bc made island-by-island. To the extent
possible, edible crops were sampled, but the low
numbers of edible plants limited the data base.
As an alternative, abundant and ubiquitous
species of nonedible vegetation were me~sured
to obtain an understanding of the distribution
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of radionuclides in vegetation
on each island.

Thorough study was made of the gamma ray
fields produced by 1s7cS and 60C0 in soils.

Similarly, a large number of samples were
obtained from the water and sediments of the
-e ecosystem, resulting in a detailed
inventory of radionuclides m the ecosystem.
Marine biota were extensively sampled with
~mideration for the preferred diet of ‘he

Encwetak people.
+ sampling was carried out over the ocean

and on several islands to measure the amount of
radioactivity in the air due to resuspended

prticles from the soil. SeVeral ‘ids ~[v~l~
samplers were employed to deterrmne

close to heavily contitinated areas, to examine
particle size ranges in the suspended aerosol,

and to look for evidence of anY sYsterna~c
elevation of radioactivity in air in the vtcuuty
of the islands.

Nece~ady, not much detail of the survey
t.echniqu~ nor the resulting data can be

reproduced here. Readers desiring more detail

are directed to the survey report (N’VO, 1‘373).

HIGHLIGHTS OF SURVEY RESULTS ONPLUTOSIUM

The plutonium distribution in Enewetak soils
is variable over the Atoll, wi:h levels in the
southern islands correspond ‘0 ‘due
expected due to world-\~ide fallout, to small

areas containing hundreds ofpCi ofplutotiumi’g
of soil on northern islan& (Table 1). The
measured distribution is consistent with that

expected on the basis of testing history.
The amount of plutonium in soil generally

decreases with depth down the soil column, but
the effects of more recent earth moving in some
locations are noticeable in inverting the depth
profile. The general trend can be seen. by
comparing the median values for plutomum
in the top 2 cm of soil with values for the top
15 cm of soil. A small area on northern Yvonne
contaim the highest levels of plutonium meas-
ured and an unpredictable deptkLdis:nbuti~n.

Fm. 2. Plutonium in the bottom scdirncntsof I%wetak Lagoon.
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In this area, in spite of the appearance of some. .
samples containing as high as 3000 pCi/g, most
sam&s taken con;aincd-less than 100 pCi/g.

The largest inventory of plutonium at
Enewetak was measured in the marine bottom
sediments. Plutonium is non-uniformally dis-
tributed over the lagoon floor with highest Icvels
in the northeast (see Fig. 2). The mean
plutonium concentration in bottom sediments
of the lagoon was 463 mCi/krnz, some 200 times
world-wide fallout background. Crater areas
in the lagoon near Alice and Belle were the
highest plutonium areas measured on the Atoll.

The plutonium concentration in lagoon water
ranged from 43 fCi/1. in the northeast quadrant
to 9 fCi/L in the southeast quadrant. The
ocean east of Enewetak contained 0.3 fCi/1.
Surface waters in the lagoon on the average
contained 30% more plutonium than did deep
water, suggesting that runoff from the reef and
land is a more important source of plutonium
to the lagoon water than the large burden of
plutonium in the bottom sediments.

The surface atmosphere of the Atoll con-
tained plutonium in a range of <0.003–
0.008 fCi/m3, which is comparable to levels
expected due to world-wide fallout. Extreme
adh.ions of high ~inds led to levels of <O.O-1-
0.13 fCi/ms downwind from a plutonium hot
spot on Yvonne. While suwey results showed
thatair levels were very low, it is conceivable

-. .,,...

that human activities, say in viIlage areas
would be a sufficient disturbance of soil surfaces
to result in higher air loading with plutonium.

The major emphasis in the marine food chain
study was on sampling of the reef fish which will
comprise the largest diet component from the
marine ecosystem. Almost 900 marine speci-
mens were obtained for radionuclide analysis.
The specimens were pooled and analyzed in
four categories to determine any differences
between species or location of catch. The
concentration of plutonium in fish was not
strongly dependent on the species or on the
location of the catch. The average concentration
for pelagic fishes plus reef fishes (mullet,
goatfish and convict surgeon) was 0.2-!8 pCi/g,
range 0.005 to 23 pCi/g (see Table 2).

Over 1000 specimens of piants, birds, eggs,
rats and land crabs were taken in the te.rresu-ial
biota survey (see Table 3). Coccaut was
obtained on 16 islands, but only a few samples
of pandanus and tacca (arrovwoot), and no
breadfruit were obtained. .%fcs~erscAridia and
Scaeuola, and other indicator plants were
obtained throughout the Atoll. Birds, bird eggs
and rats were plentiful for sampling, but
coconut crabs were taken only from a few of the
southern islands.

The greatest concentration of plutonium in
coconut was 0.036 pCi/g in a sample from Irene.
The concentrations in coconut from the other

nA18t w o.9sl Osob $.60 0.000U2- 2s.1 O,mk$

28 0.0T6S O.mz o.169 O-.oohzLl- O.eur O.moo

“OaAb 2s 0.U23 O.aw O.olsa 0.001s2- 0.0s31 O.eons

,, W nab b9 0.06SI O.o?m 0.2s0 O.zao’la- l.zl 0.0C909

Au msb la o.ebb 0.2U 8.00 0.000bsz-23.1 0.0126

.

% . uswrumt um. balw th. MmIt. of d.t.ction, ttd eo.eentr.t;aa vu sat.qudt.wm.

%f ● ~uurantm.brlovtb,M-11,of dcta.tlm, tlw eom..ntr.tloo m a.tsq.dt.
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islands were less by an order-of-magnitude or
more or were below the limits of detection.
The only concentration reported in pandanus
ftit, 0.9034 pCi/g, !~ms for the sample from
Belle. Concentrations in palidarlus leaves
varied from 0.0013 pCi/g in the sample from
David to 0.015 pCi/g in that from Sally. The
concentration in the single sample of tacca corm
(David) was 0.0011 pCi/g. Concentrations in
muscle and liver of birds varied irregularly from
island to island and ranged from 0.0010 to
0.12 pCi/g in muscle and from 0.0015 to
0.062 pCi/g in liver. The range of plutonium
concentrations in bird eggs was 0.00045–0.015
pCi/g. The range in muscle of coconut crabs
was 0.0007&0.003 1 pCi/g, that in hepato-
pancreas was 0.00 1!3-0.0098 pCi/g. The con-
centrations in Messerschmidia and Scaevo[a from
the same location were comparable and varied
over an extreme range of 0.00050 pCi/g on
David to 1.29 pCi/g on Yvonne. Plutonium
levels in rat tissues were greatest in bone and
decreased in the order bone, viscera, Iivcr and
muscte. The greatest concentration in bone,
3.25 pCI/g, was measured in a rat taken from
Janet.

EVALUATION OF PATHWAYS
Exposures to plutonium were evaluated for

theinhalation of airborne dust, and for doses

derived from ingestion of foods from terrestrial
and marine food chains. Calculations Wme
made on an island-by-island basis using the
survey measurements data obtained for mch
island. These results were applied to a hypo-
thetical living pattern model which had the
island of residence and islands used for agri-
culture as variables. Two of the living patterns
are covered here. These cases are solutions
which include the likely islands of residence,
Fred and Janet (see Fig. 1):

Living Pattern I: Live on Fred and Elmer,
carry out agriculture on Alvin throu~h Keith

Living Pattern III: Live on Janet and carry
out agriculture on Janet.

In both living patterns, fishing is carried out
over the entire Atoll. These two living pattem~
approximate a limiting low radiation back.
ground case (in the southern islands) and a
limiting high radiation background case (living
and farming in the north only). Other Li\5ng
patterns can be constructed and evaiuated by
using the results of the island-by-island assess-
ment.

Inhalation *afAway

It has been well documented that radio-
activity in soils can resuspend in the atmosphere
and be available for inhalation. Q~antitative
models of this pathway and the doses obtainable
from a given level of contamination are under
development, but there are large uncertainties
inherent in them. These limitations are dis-

cussed in detail in NVO-140 and in a paper by
A.iisPAuGH et d. (1975) in this issue of Htxdfh

P?zyn”cs. A completely empiricaI approach to
assessing this pathway would require a imge
measurement program carried out under actual
conditions of occupation of the Atoli..4san
alternative, a predictive model was de~’eloped
which utilizes world-wide data on dust lo~c!in~
in the atmosphere, the soil measurements at
Enewetak, and a set of conservative assumpr.iotu
discussed below.

It is important to provide an evalu~tion
that considers, x far as possible, the potential
for exposure to a returned population, \vhich
takes into account both the population distribu-
tion on the Atoll and the patterns of living.
Under conditions of habit~tion, large areas of
soil surface will become stabilized by cultivated



.-.

.

.-

,,.,-.

... . . ..

. .
.

I

I

:-~ D. W. WILSON, Y. C. NC and W. L. ROBISON 605

vegetation, coral layering in the village areas,
and by buildings. These activities will tcncl to
reduce tl}c possibility for resuspension of soil
particles. However, human activities such as
construction, earth moving, agricultural
acdvitics, and children playing, tend to stir up
dust. Exposure levels to individuals will depend
on such local sources.

The objectives of the mcasurcmcnts and this
assessment were to obtain sufficient under-
standing to place this pathtvay for dosage in
“perspective to the food chain pathways. The air
sampling proagram sho~ved that resuspension
levels were measurably above background only
in the downwind vicinity of scattered hot spots
of soil contamination.

Estimates of potentiaI population exposures
were made by applying the model,

D: =C,. Rt.La
where:

D: = dose in rem to organ of reference after t yr
of continued exposure

C, = concentration of plutonium in soil, pCi/g

R: = dose conversion factor, renl/pCi/m3, for
cumulative dose to organ of reference
from t yr of continued ~osure

La = soil loading in air, .g/ms.

This model assumes that plutonium con-
centrations in soil are conserved in the
resuspension process. A value of 100 pg/m3 was
used for La, based upon evaluation of a set of
measurements of dust in ~on-urban U.S. air
(NAPCA, 1968). In this study, mean dust loads
ranged from 9 to 79 pg/ms with an overall
average of about 40 pg/ms. Enewetak soils
are moist and dust loading is minimal; however,
a value of 100 pg/ms was adopted for L. to
insure a reasonably conservative accounting for
the close pro.xirnity of individuals to sources of
soil disturbance,

Calculations were carried out for each is!and
using soil measurements of plutonium (see
Table 1), and dose conversion factors derived by
B~NNEm (1974a) using the ICRP Lung
Dynamics Model for 0.4-pm plutonium fallout
particles of low volubility. Calculations were
made for tl)c O-2 cm of soil samples and for the
0-15 cm samples.

.

T4bh 4. Cumufaliw rcnu in 70 yr 10 ●rgmt f?m pi. fomim m“a itiabfk
#alhway (bud .pm pl.fumum tmrmtm.liam m O-2cm 9/ roil)

L1vLn. ?,tt=rn ~ ~ B.u—

I

(Seushm Iss.smlb) 0.002 0.002 0.004

111
(LwOm J4MC) O.* o,21s 0.612

Results of these calculations (see Table 4)
show that the population exposures to be
expected fall in the mrem range for a Iifetime of
occupation, Occupation of the southern islands,
Living Pattern I, results in organ doses in 70 }T
the order of a few rnrem, while occupation
of northern islands will lead to organ doses
approaching a rem in 70 yr. The highest
dosages from this pathway were calculated for
occupation of Belle, 2.77 rem in 70 yr. These
results indicate that the inhalation pathway
‘till not be a significant feature uf population
dosages. Removal of hot spot radioactivity and
kind use planning can insure that plutonium
resuspension is a negligible pathway to man in
the rehabilitated Atoll.

Terrestrial and marine food chains

Two dietary cases were developed (see Table
5); the first, which is associated with the time of
return is distinguished by the absence of
pandanus fruit, breadfruit and arro\vroot.
These items appear only in the 10-}T post-return
diet since it requires several years for these crops
to reestablish and come to full production. This

Tab&3. Pods/td dirt fw h wm”n; adult Enacciai #o)utatim

Diet, .c/d.Y

Fed itea At tke 0? retu.n 19 Yr Pest-re:.,,

Fish m 600

hmmie ae*t 60 100

PMIM!M fruit o Soo

sr*a.lrrUlt o 150

Wld Mtis 100 00

Bird ●ggm 00 10

Arr0w700t o ho

coconut 100 lW
coconut Bllb 100 Soo

COCOmAt crsbs n OY

cl- 0s 0s

*rta Soo-lm SSO-103O

M30 phi l.parw 1570 plu lmpxts
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clict is based on the carefully considered judgc-
ment of persons who have lived in the N.h-shall
Islands in intimate association with the native
residents and therefore have first-hand knowl-
edge of their living habits. Accurate assessment
of the role of imported foods is not possible, but
it is generally recognized that imported foods,
such as rice, flour, tea, canned fish and canned

. meats, will be major components of the diet.
Accordingly, the dosage via food chains may be
overestimated to the extent that imported
fbod items will replace food items listed in the
table.

Many of the items expected in the terrestrial
diet were not available in suficient quantity
for adequate sampling at the time of the survey,
and other constituents of the ecosystem, i.e. soil
and native plants and animals were sampled.
In the case of plutonium, prediction of the
concentrations in terrestrial foods was carried
out following two basic approaches. In one
approach it was based ‘largely on the con-
centrations measured in edible or indicator
species. Pandanus leaves served as the direct
indicator for pandanus fruit, brcadfkuit and
coconut, and rats served as the direct indicator
for domestic meat (pork and chicken) wherever
edible species were not sampled or the measure-
ments were inadequate. The concentration of
plutonium in a given edible or indicator item
for a particular island group was determined as
the mean of the samples collected in that island
group. The concentration in meat was deter-
mined m the overall mean in muscle and liver
of rats. In the other approach, prediction was
based largely on concentrations estimated from
&ta on average soil concentration and con-
centration factors between indicator speeies and
soil. Pan&nus leaves and rats served in
similar fashion as indicator species. The two
approaches are not entirely indcpcndcnt, since
in each case the concentrations of plutonium in
birds, bird eggs and coconut crabs were based on
measurements.

Concentration factors were determined by
pairing plant or animal and soil data for the
same location and then calculating pCi/g dry
plant or animal tissue pcr pCi/g soil (see Tables
6 and 7). The concentration in meat was
ecdculatcd assutning a concentration factor of
0.005, the overall median for muscle and liver

!ht
WJscl. 11 0.WW9 0.0139 0.T9

u,= U O.wolb 0.0033s 2.0
am. 15 O.mll 0.014 9A

hold 39 0.- .0.09$ 9.1

Coe!mlltCTti

Mu.el. 5 o.m9 c.V.3 0.=0

E,vnewer.u h 0.M3S O.ti :.2

koAkti*% 5 O.ooa 0.036 0.s3?

~ 16 0.009 0.o14 O.lz

x-nit **

Mud. 6 0.00s 0.W3 ● s

IJeQ*tawaereu b o.0w7 o. 0s1 O.1.a

ZXO**l*lM 5 O.aalb 0.010 e.is

P.wha M O.wolb 0.040 C.ss

baled Coeaut Crsb

b mdc Cr.b 29 O.mb O.ms 0.ss

of rat (see Table 6). The concentration in
pandanus leaves was estimated using a con-
centration factor of 0.003, the mcdim
concentration factor for Afcsstrsch.midia and
Scaevo/a (see TabIe 7), The average concenxa-
tion of plutonium in the O-15-cm soii profile W=
computed from Table 1 to bc 0.065 pCi ‘g for
island group Alvin-Keith and 8.5 pCi,’g for
Janet.

It is not surprising that the ranges of
concentration factor vary greatly by x much a
factors of 103 or more since this procedure is
inherently lacking in precision. Holvever, t!!e
major fraction of the calculated concentration
factors is within an order-o f-magnilude oi the
median value. Although the concentrations oi

W..s*rs.bfdf* 2h o.000IT 0.W30 *.ao

Seumla Sb O.well o.mlA CA
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plutonium in rat tissues were not sigrtifieantly
correlated with those in soil, there were stat-
istically significant correlations between the
logarithms of the plutonium concentrations in
Messerschmidia, ScaevoIa, and pooled .\ Iesser-
srhmidia and Scacvola and those in soil (,%ltsser-

srhmidia P = 0.05, Scacvola P = 0.01, pooled
Messerxhmidia and Scaevola P = 0.001). Fur-
thermore the linear regression Iines for
Mcsserschmidia and Scae~ola were found to be
statistically indistinguishable with common
slopes and common intercepts.

The concentrations of pIutonium predicted
for terrestrial foods from island groups Alvin–
Keith and Janet were selcctcd by the approach
yielding tie greater values of concentration
(see Table 8). Those listed for Alvin-Keith
were based on measurements, those for Janet
were based pnmaril y on concentration factors
and levels in-soil. The concentrations are listed
according to two different start dates. Meat,
birds, bird eggs, coconut crabs and coconut
from the southern islands are assumed to be
available relatively soon following return to the
Atoll and their concentrations are listed under
1 January 1974, the postulated date of return.
The edible plants are generally assumed to
bcome available for the first time 8 yr after

J-. 1, lm JM. 1.1962

b
0.0m6
e.0#
O.m

O.*3
o.oa6
0.0269
0.0033
@.01b6

b
:Og

S.s.

return and their concentrations are listed under
1 January 1982. Most of the plutonium
concentrations arc considerably in excess of tl]c
concentrations reported in terrestrial foods from
the 1972 Ncw York diet, which range from
9 x 10-7 pCi/g fresh weight in canned
Vegetables to 8.5 x ] 0-0 pCi/g fresh weight in
bakery products (BENNETT,1974b).

Plutonium in the marine food chain was
evaluated in four main fish groups-surgconfish,
goat fish, mullet and “other” fish-where
“other” includes not only other species of fish
but also tridacna clams and lingusta. The mean
concentrations in the four fish groups did not
differ significantly, and furthermore, depend-
ence of concentrations on island location was not
discernible. .+ccordingly the mean concentra-
tion of plutonium in muscle of all fish from the
entire Atoll was used to predict exposure to
plutonium from the ingestion of marine fooch.
The overall mean concentration of 0.248 pCi/g
was used in the assessment of dose rather than
the Iognormal median value, which is about a
factor of 20 less (see Table 2).

By way of comparison the mean plutonium
concentration in fish collected in contaminated
waters at Thule, Greenland in 1968 was 0.14
pCi/g fresh weight; the median and mean in

soft tissues of bivalves from Zone I were 8.0 pCi/g
and 150 pCi/g fresh weight (AAR~ROG, 1971).
The concentration reported for shellfish in the
1972 New York tbct was 1.1 x 10-s pCi/g
fresh weight (BEXXE~, 1974b). Thus the mean
plutonium concentration in fish from Ene\vetAi
is comparable to that in fish from Thule and
exceeds the conccnmation reported for shellfish
in the 1972 New York diet by more than three
orders-of-magnitude.

Rates of ingestion of plutonium were deter-
mined by combining the results of Tables 5 and
8. Except for coconut and arrowToot the diets
listed in Table 5 refer to ingestion of fresh food.
The following values of water content were used
to calculate rates of ingestion of plutoniuxn
via foodstuffs: coconut me~t 50 ?{, coconut
milk 95 %, pandanus 80 ?~, breadfruit ~~ % bird
musclc and liver 70 ‘~, bird eggs 75 ~~, coconut
crab liver 81 O/., coconut crab hepatopancre~s
62%, rat muscle and Iivcr 73% and iish 71 ~~
(NVO, 1973). Rates of ingestion (see Table 9)
have been computed for the diet at the time of

-. ---
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return and for the 10-yr post-return diet. The
total rate of ingestion assuming the diet at the
time of return, tvhich considers only those food
items that are available at the time of return,

.
has been used to estimate 5- and 10-}T integral
dosages. The total rate of ingestion assuming
the 10-yr post-return diet has been used to
estimate the 30- and 70-yr integral dosages.
Fkh and other marine foods are seen to con-
tribute the buik of the plutonium to the diet.
The daily rates of pIutonium ingestion in
Table 9 would greatly exceed that for residents
of New York, whose ingestion rate of plutonium
was ~timated to be 1.5 pCi/yr in 1972
(BENNETT,1974b).

s OW) Slo 53

f- L.m x 10-$ 1.2 x 10-~

❑ k) m lam

& (4W-1) 1.92 x 10-~ *.16 X 10-5

-s
i, (W-+ 7.?9 8104 1.?9 a 10

Doses were calculated assuming that the
radionuclidc concentrations in foods decrease
with time by radioactive decay alone. Uptake
and retention in human organs, organ mass and
the energy absorbed in tissue per disintegration
were adapted from ICRP (1959, 1972) reports
or from the more recent literature (see Table
10). The integrated dose via food chain was
determined from the equation below:

KEIfm..Co
Dose (rem) = M(~mn

– A)

[

l– C+i 1 — tyzm~nc
x —–—

A A32a221
where

dis/g/rem
x = 5.1 x 10-~

pCi/MeV/day

E = disintegration energy, MeV (includes
RBE and n factors)

1 = food intake, g[day

fm.a = fraction of nuclide ingested reaching
the organ of reference

co= initial concentration of nuciide in
fbod product, pCi/g

M = mass of the organ of reference, g

k. = effective elimination rate of nuclide
from organ of reference, day_l

& = radioactive decay constant, da~~

t = time, day.

Dosages to bone and liver from ingestion of
plutonium for island groups Alvin–Keith and
Janet integrated over 5, 10, 30 and 70 yr were
computed using the rates of ingestion of Table 9.
The predicted 5- and 10-yr dosages from
terrestrial foods for Alvin-Keith (Table 1i )
exceed those for Janet. These dosages assume
the diet at the time of return. The greater

dosage for Alvin-Keith can be explained by the
absence of coconut and coconut crabs in the diet
from Janet and by the greater concentrations of
plutonium in the birds from .Alvin-Keith. T!:e
30- and 70-yr dosages for Janet exceed those for
Alvin-Keith, as one would expect on the basis
of greater plutonium contamination of the

terrestrial environment on Janet. For both
island groups marine foods can bc expected to
contribute far greater dosages than terrestrial
foods. The 30- and 70-yr dosages from marine

,,.-“’--TwT--. &v- ,’,,,
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xmt*& Dow, m

Aki8-28ith 7.s(-5) 3.8(-5) 3.1(-4) 1.X-L) a.9(-3) 1.2(-3) 0.016 5.6(-3]

ae 5.2(-5) 2.5(-5) 2.1(A) 9.8(-,J“ ~.z(-z, 5.5(-3) O.tiz 0.?33

62.LO?uUp 2.T(-3) 1.3(-3) 1.0(-2) 5.0(-3) o.09i O.o111 O.L$ 0.18

f~ for Janet would be 5-10 times greater, the
dosages from marine foods for A1vin-Keith and
the 5- and 10-yr dosages from marine foods for
Janet would be 30-50 times greater than the
em-responding dosages from terrestrial foods.

Dosage via all pathways

Table 12 shows the predicted 30-yr dosages
from plutonium to the three major receptor
oromns (lung, liver and bone) via the three
relevant exposure pathways. The major path-
way for plutonium for Ii\ing patterns invol\ing
residence and agriculture on the southern
islands is the marine pathway, folIowed by the
terrestrial and inhalation pathwavs. The 30-yr
dosages via inhalation for Alvin-K’eith are about
1 mrem or less and are therefore comparable to
or less than the estimated dose commitments to a

New Yorker through the year 2000 from inhala-
tion of plutonium from world-wide fallout
(BENNETT, 1974a). The 30-yr dosages to liver
and bone from terrestrial foods for the southern
islands are relatively low, approx 1–3 mrem, but
they exceed the 30-yr dose commitments to a
New Yorker via ingestion by 2 to 3 orders-of-

rnagnitude (BENNZTT, 1974b). The dosages via
marine foods, which contribute most to the total

dosages are greater still. For living patterns
involving residence and agriculture on Janet
and other northern islands, the major pathway
for plutonium is the inhalation pathway

followed by the marine and terrestrial pathlvays.
The 30-yr dosages via inhalation exceed those
for Alvin-Keith by more than Z orders-of-
magnitude. The 30-yr dosages via terrestrial

foods exceed those for Alvin–Keith by about a
factor of five.

LW2S2 hrlaa Tcrrestxial Ghs.btkla mtd

9Atterm ?om Ltwr lung ?Ow LiTtr LuM 2m* Linr LUW hne Limr IMII

x 0.091 O.okl - 2.9(-3) 1.2(-3) - 7(-4) 4(A) 9(4) 0.093 O.*3 9(41

n 0.09L O.*1 - 1.2(-2) 5.s(-3) - 0.10 0.036 0.13 0.20 0.15 0.13
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5 Tr M rT Sorr 70 n

- Ltnr . h LtTu 2m8 Llvu 2m@ Uvmr

ALvsm-28ith 7.8(->) 3.8(-51 3.1(-*) 1.5(4) 2.9(-3) 1.2(-3) 0.0L6 $.6(-3)

Jawt 5.2(-5) 2.5(-5) 2.1(-4) ,.8(-,) “ ~.a(+, ,.5(-3) o.@~ 0.?33

s. 12UfLICmds

m Oroup 2.7(-3) 1.3(-3) 1.0(-2) 5.0(-3) Owl O.okl o.k~ 0.1s

f~ for Janet would be 5-10 times greater, the
dosages from marine foods for Alvin-Keith and
the 5- and 10-yr dosages from marine foods for
Janet would be 30-50 times greater than the
corresponding dosages from terrestrial fbods.

Dosage m“aall pathways

Table 12 shows the predicted 30-yr dosages
from plutonium to the three major receptor
organs (lung, liver and bone) via the three
relevant exposure pathways. The major path-
way for plutonium for living patterns involving
residence and agriculture on the southern
islands ~ die marine pathway, followed by the
terrestrial and inhalation pathways. The 30-Yr
dosages via inhalation for .~lvin-K”eith are abo;t
1 rrwem or less and are therefore comparable to
or less than the estimated dose commitments to a
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New Yorker through the ye,ar 2000 from inh~la-
tion of plutonium from world-wide fallout
(BENNETT,1974a). The 30-yr dosages to liver
and bone from terrestrial foods for the southern
islands are relatively low, approx 1–3 mrem, but
they exceed the 30-yr dose cormnitments to a
New Yorker via ingestion by 2 to 3 orders-of-
magnitude (BEwEn, 1974b). The dosages via
marine foods, which contribute most to the total
dosages are greater still. For living patterns
invoIving residence and agriculture on Janet
and other northern idands, the major path\t’ay
for plutonium is the inhalation path\vay
followed by the marine and terrestrial path~va!s.
The 30-Y-r dosages via inhalation exceed those
for Alvin-Keith by more than 2 orders-of-
magnitude. The 30-yr dosages via terrestrial
foo~s exceed those for .41vin--Keith
factor of five.

PktoniUa 30-Y.U Int,crd Dose, Ram

m!UFIn COEWI’IOSS

Lt* *h T*rr*mtr!sl rnhd,atlon m

W- h U-r Iaag h Ur*r L4UU 20a. U-r LWU he Llwu LUAC

I 0.092 0.041 - 2.9(-3) 1.2(-3) - T(A) $(-k) 9(4) O.ow O.okj 9(4)

n 0.091 O.obl - 1.2(-2) 5.5(-3) - 0.10 0.0% 0.13 0.20 0.15 0.13

3.2* httam T2.ua@ L9md *cultm Vlsitatiom

I ~-turr ALtia-hith ~ 18.
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3Ub 1$ Mjw mmfribtiiw #f dbmd~~, b h 30-Yr iatqml An h b cd lie

P= Intwrti m-e. Pa

P* ?mttwoP,

26AM T9rr89triaL InbAL4tlm

@2M2 saw LiV*F 2MY* L!-? 6m* Uvw

% o.o17 0.18 6.2(4) “ 6.6(-3)

90= O.n 4.8(4) 2.2 lA(-3)

UTti 0.0s 0.022 0.18 0.1s

239.2bofi 0.091 O.okl 2.9(-3) 1.2(-3) 1(A) b[-b)

mtd 0.93 0.25 ?.k 0.19 ?(4) k(-k)

2ota3 dem to Mm dl Psthvaysb = b-l ?-
H do-a to M-r dl pmtzb . 1.3 rem

%- T-U* 12 for ● dcmripti.m of th lidczpattuns.
h totaldose vi, all wt5nYs Ioeludes Wrr aterzti 6- doaaa Of

0.83 ra for Alvix.-bith MO k.0 r= for IUet.

Lftilw Pettan 1? . .

xwi8* ?u?astxid Labamt km

ZaMs W Lfmr P* Llwr Z!iS!i n

6ob 0.01? 0.18 3.o(-b) 0.0?2

9oe O.T? *.6(A) Th o.oh6

l~c8 0.030 . 0.030 8.0 8.0

139 ,2bom 0.091 0.o11o 0.012 5.5(-3) 0.10 0.056

TWtd 0.91 0.25 22 8.1 0.10 0.056

tutu daoa *O bona U3 pstbvah- 87 r==

20ta3 &a* to lLv9r 0 pbthvay+ = X? ru

~ Lhbls 12 for . de..rlDtio. of th liticzpattamc.
* total dose Tta dl 7sthW48 18C1U3*S 3c-yr ●tel-sd c- &sco of

0..93 rm fO? Alvfn-Keith sad k.0 rca far Jase!.
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Although plutonium would contribute more
than 95% of the total dosages via inhalation
(IWO, 1973), this pathway is not the greatest
contributor to the total dosage \ia all pathways
(Table 13). For most living patterns, the
relative ranking of the pathways from the
standpoint of their contributions to the total
dose would be (1) terrestrial food chain,
(2) external gamma dose, (3) marine food
chain, (4) inhalation. For the pathways ranking
above inhalation nuclidcs other than plutonium
wotdd contribute most to the dosages. Thus
tosr and l~~cs would contribute most via the

terrestrial food chain, while cOCo would make a
smaller contribution, comparable to that of
lJ*08dOPu. For the marine food chain ‘“Sr
would contribute most to the bone dose and
COG, 1370 and ~J~.2JoPu would make more or

less comparable contributions to the liver dose.
Essentially the entire external gamma dose can

be attributed to the presence of 13’CS and ‘°Co.
The potential dosage from p[utonium via aII
pathways is Iow relative to that from ‘OSr,
137cs and GOCO. Remedial measures that may
be designed to limit the dose via the terrestrial
food chain or the c.xtcrnol dose commitment
wilI have very little impact on the plutonium
dose via the marine food and inhalation
pathways (NVO, 1973). lt must be rcmembcrcd
that by virtue of its very long half-life,. plut-
onium will still remain in the iltoll environment
after the other major radionuclides have
decayed away.
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